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Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State Uni-
versity,Moscow, Russia
Dubnicka-Dubnickova-Kuraev (DDK) sum rules are considered. It is
shown that integrals over differences of the total photoproduction cross-
sections on octet baryons could be understood in terms of unitary symmetry
approach. All the DDK sum rules for these quantities are expressed in terms
of only three parameters.
High Energy Physics - Phenomenology
1 Introduction
Many years ago Gottfried [1] wrote dispersion sum rule interlacing proton
magnetic moment and proton charge radius with integral over total photo-
production cross-section on protons:
∫
∞
0
dν
ν
[σγB→Xtot (ν) = 4pi
2α[
1
3
〈r2Ep〉+
1− µ2p
4m2p
] (1)
where 〈r2Ep〉 is the proton mean square charge radius and µp = 1 + κp and
κp are total and anomalous magnetic moments of proton in terms of nuclear
magnetons.
As years ago it was proved experimentally that total photoproduction
cross-section on protons is arising with energy [2] the Gottfried sum rule
results to contain diverging integral and therefore cannot be valid.
But recently an interesting sum rules for photoproduction of baryons
were proposed which overcome this difficulty considering instead differences
between integrals over total cross sections on various baryons [3]. In this
way convergency of the integral was achieved and series of sum rules were
evaluated [4, 5]. The main assumption for the convergency lies in equality of
the Pomeron exchange for all the baryons of the octet. It is seems to be valid
for the baryons of the same isomultiplet and plausible for the whole unitary
octet.
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2 DDK universal sum rules
The DDK universal sum rule [4] can be written as the equality with left-
hand side (LHS) in terms of baryon anomalous magnetic moments and Dirac
baryon mean square radii and right-hand side (RHS) as integral over differ-
ence of total photoproduction cross-sections on octet baryons
1
3
[F1B(0)〈r21B〉 − F1B′(0)〈r21B′〉]− [
κ2B
4m2B
− κ
2
B′
4m2B′
] = (2)
2
pi2α
∫
∞
ωB
dω
ω
[σγB→Xtot (ω)− σγB
′
→X
tot (ω)],
which relates Dirac baryon mean-square radii 〈r21B〉, 〈r21B′〉 and anomalous
magnetic moments κB , κ
′
B to the convergent integral due to presumed can-
cellation of the otherwise arising high energy total cross-sections at ω →∞.
Electric form factors F1B(q
2), F1B′(q
2) reduce to electric charges eB, eB′ at
zero momentum transfer squared q2 = 0. Instead the Dirac baryon mean-
square radii 〈r21B〉 can be reliably taken from the relation
〈r2EB〉 = 〈r21B〉+ 3
κB
4m2B
(3)
either from experimental data (for p, n and Σ−)[2] or from theory [6]. We
put them into the Table 1. ( Note that sum of the 4th and 5th coluns just
give the 3rd one. )
We remind the first sum rule of [3]
1
3
〈r21p〉 −
κ2p
4m2p
+
κ2n
4m2n
=
2
pi2α
∫
∞
ωN
dω
ω
[σγp→Xtot (ω)− σγn→Xtot (ω)] (4)
with ωN = mpi +m
2
pi/2MN .
Here 〈r21p〉 is electric square radus of the proton and κp,n mean anomalous
magnetic moments of proton and neutron. It agrees well with experiment as
LHS=1.93± 0.18 mb and RHS=1.92± 0.32 mb [3].
It was generalized in [4] to all the octet baryons writing 28 relations. But
as it is easy to see only 7 of them are linearly independent, and we choose
them as Eq.(1) plus other 6 relations below. The important issue is that
while treating photoproduction on Λ ( or Σ0) we should also add the Σ0Λ
contribution. For the differencies Σ0 − Λ these contributions cancel each
2
other. But in other cases with single Σ0 or single Λ in pair with any other
baryon we have found noticeable effects.
1
3
〈r21Σ+〉 −
κ2
Σ+
4m2Σ
+
κ2
Σ0
4m2Σ
+
κ2
Σ0Λ
4m2ΣΛ
=
2
pi2α
∫
∞
ωN
dω
ω
[σγΣ
+
→X
tot (ω)− σγΣ
0
→X
tot (ω)];
1
3
〈r21Σ−〉−
κ2
Σ0
4m2Σ
− κ
2
Σ0Λ
4m2ΣΛ
+
κ2
Σ−
4m2Σ
=
2
pi2α
∫
∞
ωN
dω
ω
[σ
γΣ0
κ
2
Σ0Λ
4m2
ΣΛ
→X
tot (ω)−σγΣ
−
→X
tot (ω)]
1
3
〈r21Σ+〉 −
κ2Λ
4m2Λ
+
κ2
Σ+
4m2Σ
+
κ2
Σ0Λ
4m2ΣΛ
=
2
pi2α
∫
∞
ωN
dω
ω
[σγΛ→Xtot (ω)− σγΣ
+
→X
tot (ω)] (5)
1
3
〈r21Ξ−〉 −
κ2
Ξ0
4m2Ξ
+
κ2
Ξ−
4m2Ξ
=
2
pi2α
∫
∞
ωN
dω
ω
[σγΞ
0
→X
tot (ω)− σγΞ
−
→X
tot (ω)]
1
3
〈r21p〉 −
1
3
〈r21Σ+〉 −
κ2p
4m2p
+
κ2
Σ+
4m2Σ
=
2
pi2α
∫
∞
ωN
dω
ω
[σγp→Xtot (ω)− σγΣ
+
→X
tot (ω)]
1
3
〈r21p〉 −
κ2p
4m2p
+
κ2
Ξ0
4m2n
=
2
pi2α
∫
∞
ωN
dω
ω
[σγp→Xtot (ω)− σγΞ
0
→X
tot (ω)]
We control relations by putting also two corollaries:
2
pi2α
∫
∞
ωN
dω
ω
[σγΣ
+
→X
tot (ω)− σγΣ
−
→X
tot (ω)]
=4.0131 mb (4.2654 mb [4])
2
pi2α
∫
∞
ωN
dω
ω
[σγn→Xtot (ω)− σγΞ
0
→X
tot (ω)]
= -0.4075+0.0875=-0.3200 mb (-0.3156 mb [4])
γe
−
e−
XB
Fig.1. Inclusive photoproduction on octet baryon B 1/2+
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3 Unitary symmetry relations
We study now unitary symmetry of these sum rules for the differences of the
integrals of total photoproduction cross-sections on baryons of the octet 1/2+.
As we will see all of them could be described in terms of only 3 parameters.
We remind universal formula for magnetic moments which transfers either
in the NRQM formula (with F=2/3 and D=1 and eq → µq) or into the
unitary symmetry result (by putting quark electic charge explicitly) [9]:
µΣ0 = (eu + ed)F + es(F −D). (6)
All the other baryon magnetic moments but that of Λ are obtained just by
changing properly quark indices. Instead that of the Λ baryon could be
written as
µΛ =
1
3
[2µΣds+2µΣus−µΣ0 ] =
1
3
[(eu+ ed+4es)F +(2eu+2ed− es)](F −D)].
(7)
For the corresponding transition moment one get
√
3µΣ0Λ = µΣds − µΣus = (eu − ed)D, (8)
where subscribes ds and us mean just that we interchanged quarks d ↔ s
and u↔ s in the Σ0 wave function.
We have seen that similar reasoning can be applied to the QCD sum rules
not only for magnetic moments [10] but also for other vertex quantities [8].
But in the QCD sum rules the quantities analogues to F , D would contain the
dependence on the quark parameters absent in the simple unitary symmetry
model [10].
We now proceed with differences of the total cross-sections on octet
baryons by using as operator not the electric charge of quarks but their
electric charge squared. That is, we describe finite parts of the integrals in
Eqs.(4,5) which we denote just by symbol of the target, in terms of F , E ’s
depending on the quark parameters at this stage only phenomenologically
putting subindices s and ss to indicate number of strange quarks in baryon
P = 2e2uF + e2dE (9)
Σ0 = (e2u + e
2
d)F s + e2sEs (10)
Ξ0 = 2e2sF ss + e2sEss (11)
4
B κB[µN ] 〈r2EB〉 [mb] 3κB/2m2B [mb] 〈r21B〉 [mb] κ2B/4m2B [mb]
p 1.7928 7.17 1.19 5.98 0.3560
n -1.9130 -1.13 -1.27 0.14 0.4075
Λ -0.6130 1.10 -0.29 1.39 0.0295
Σ+ 1.4580 6.00 0.60 5.40 0.1458
Σ0 0.6490 -0.30 0.27 -0.57 0.0293
Σ− -0.1600 6.70 -0.07 6.77 0.0019
Ξ0 -1.250 1.30 -0.42 1.72 0.0875
Ξ− 0.3493 4.90 0.12 4.78 0.0070
Table 1: Contributions of magnetic moments and charge radii of octet
baryons 1/2+ in mb
and so on.
Upon using our relations [9, 10] we write for the finite Λ contribution
Λ = (1/3)[(e2u + e
2
d + 4e
2
s)F s + [2e2u + 2e2d − e2s]Es] (12)
with Es=E= F −D in the unitary limit.
The structure F corresponds to the contributons of two (quasi)similar
quarks (uu,dd,ud, ss), while the structure E corresponds to single-quark con-
tribution [9, 10]. Subindices s and ss indicate number of strange quarks in
baryon.
Thus we can write the righthand sides of the DDK sum rules, that is, the
integral over differences of the total cross-sections on two different baryons
B and B′. We choose p and Σ+ putting the rest into the Table 2 and put
them into the form
[2e2uF + e2dE ]− [2e2uF s + e2sEs] =
∫
∞
ωthresh
dω
ω
(σγp→X(ω)− σγΣ+→X(ω)). (13)
We repeat that while treating photoproduction on Λ ( or Σ0) we should also
add the Σ0Λ contribution. For the differencies Σ0 − Λ these contributions
cancel each other. But in other cases with single Σ0 or single Λ in pair with
any other baryon we have obtained noticeable effects.
We have succeeded to fit the RHS’s of Eqs(4,5) with F = E = F s =
Es = 6 and F ss = 3.3, Ess = 4.5 (see Table 2). Only cascade hyperon
contributions differ strongly from unitary symmetry parameters which can
5
B-B′ LHS (mb) RHS RHS (mb) Unitary formulae
targets This Work Eq.(13)(mb) DDK[4]
p-n 2.0445 2.0 2.0414 (2/3F − 1/3E)
p-Σ+ -0.0172 0.0 -0.4158 8/9(F − F s) + 1/9(E −Es)
Σ+-Σ0 1.9710 2.0 2.0825 (1/3F s)
Σ0-Σ− 2.0411 2.0 2.1829 (1/3F s)
Σ0-Λ 0.0002 0.0 -0.0006 0
Ξ0-Ξ− 1.4955 1.5 1.5921 (1/3Ess)
Σ−-Ξ− -0.658 -0.66 -0.5921 2/9(F s − F ss) + 1/9(Es −Ess)
Table 2: DDK sum rules for baryons 1/2+. In the 3rd column F = F s =
E = Es = 6.0, F ss = 9.72, Ess = 4.5 are used.
be explained by presence of two heavy quarks and only one light quark in
these hyperons. Discovery of doubly charmed baryons Ξcc [2] can help us to
solve this disaccord.
4 Conclusion
We have shown that unitary symmetry of the BDDK sum rules for the dif-
ferences of the integrals of total photoproduction cross-sections on baryons
of the octet 1/2+ holds within some reasonable lines. In fact we succeeded
in describing DDK sum rules in terms of only 3 parameters. It is also shown
that one should take into account not only Σ0 and Λ baryons while analysing
total cross-sections σγΣ
0
→X and σγΛ→X but also take into account the Σ0Λ
transition mode.
I am grateful to Takhmassib Aliev and Boris Ishkanov for valuable dis-
cussions. I have also in memory a conversation years ago on the subject with
Eduard Kuraev who prematurely has left us in 2014.
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